Background: Coronary computed tomography angiography (CCTA) is increasingly used to detect coronary artery disease (CAD), but long-term follow-up studies are still scarce. Purpose: To evaluate the prognostic value of CCTA in patients with suspected CAD. Material and Methods: A total of 1205 consecutive CCTA patients with chest pain were classified as normal coronary arteries, non-obstructive CAD, or obstructive CAD. The primary outcome was major adverse cardiac event (MACE), defined as a composite outcome including cardiac death, myocardial infarction, unstable angina pectoris, or late revascularization (after >90 days). Results: Over 7.5 years follow-up (median ¼ 3.1 years), Kaplan-Meier estimates demonstrated a MACE in 1.0%, 4.6%, and 20.7% in normal coronary arteries, non-obstructive CAD, and obstructive CAD, respectively. Log rank test for pairwise comparisons showed significant differences between non-obstructive CAD and normal coronary arteries (P ¼ 0.023) and between obstructive CAD and normal coronary arteries (P < 0.001). In a multivariable analysis, adjusting for classical risk factors, non-obstructive CAD and obstructive CAD were independent predictors of MACE, with hazard ratios (HR) of 3.22 (P ¼ 0.041) and 25.18 (P < 0.001), respectively. Conclusion: Patients with normal coronary arteries have excellent long-term prognosis, but the risk for MACE increases with non-obstructive and obstructive CAD. Both non-obstructive and obstructive CAD are independently associated with future ischemic events.
Introduction
Cardiovascular disease (CVD), in general, and coronary artery disease (CAD), in particular, are the most common causes of death in the world (1) . CVD is also the most expensive disease group in the European Union (2) and in the United States of America (3) .
Diagnosis of suspected stable CAD involves clinical evaluation, cardiac stress testing, and coronary imaging. Modalities for stress testing and coronary imaging are described in the current European Society of Cardiology (ESC) (4) and American College of Cardiology (ACC) (5) guidelines, among them coronary computed tomography angiography (CCTA). Recommended equipment to perform CCTA is a 64-slice scanner or better (6) . Current ESC guidelines recommend CCTA primarily in patients with low pretest probability (PTP) and in the lower range (PTP < 50%) of intermediate risk (4, 7) . ACC guidelines recommend CCTA primarily when a patient is unable to perform a stress test, with discrepancy between clinical suspicion and stress test, or when the ECG is uninterpretable. CCTA has been shown to have a high sensitivity and high negative predictive value (8, 9) . While short-and medium-term outcomes after CCTA have been previously described (10) (11) (12) (13) (14) (15) , very few studies have described the long-term outcome (16, 17) .
The aim of this study was to evaluate the long-term prognostic value of CCTA in consecutive chest pain patients with no history of CAD.
Material and Methods
The Swedish Web-based system for Enhancement and Development of Evidence-based care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART), a nationwide quality registry collecting data on CAD care and interventions, was used to identify patients (18) . For this analysis, we used a local part of the registry where CCTA examinations were collected.
Study population
Between 1 July 2007 and 31 December 2014, all consecutive patients (n ¼ 1370) at our center undergoing CCTA due to suspected CAD, without previous CAD, were included. A total of 144 examinations (10.5%) were excluded due to inadequate image quality: 48 with extensive calcifications (3.3%), 53 with motion artefacts (3.8%), 19 with poor contrast timing (1.4%), and 24 patients (1.7%) due to miscellaneous reasons, the majority with a combination of motion artefacts and extensive calcifications/poor contrast timing. Only the first CCTA for an individual patient was included, in order to avoid double counting. Finally, three examinations (0.2%) were excluded because the patients were foreign citizens and therefore not available for long-term follow-up, leaving a final study population of 1205 patients, 693 women (57.5%) and 512 men (42.5%) (Fig. 1) .
All patients were referred by a specialist in cardiology. Patients that were clinically classified with a PTP in the low and lower intermediate ranges were eligible for CCTA, according to clinical routine at our center. All patients were regarded as having stable chest pain, a total of 1133 (94.0%) being outpatients and 72 (6.0%) inpatients. No patient was referred from the emergency room.
Medical history was recorded within the framework of the SWEDEHEART protocol and basic biometrical data and routine laboratory tests were collected.
Image acquisition
All CCTA examinations were performed according to current guideline recommendations (6) , with four dual source CT scanners: Siemens Somatom Definition For Somatom Definition, a retrospectively gated spiral protocol was used. For Somatom Definition Flash and Somatom Definition Flash with stellar detector, three prospectively ECG-gated protocols and a retrospectively ECG-gated spiral protocol were used.
For Somatom Force, one prospectively ECG-gated high-pitch protocol and one retrospectively gated spiral protocol were used. Nitroglycerin (up to 1.2 mg sublingual) and beta blocker (up to 10 mg metoprolol i.v.) were administered if heart rate was >65 bpm.
Data reporting
Of the originally included 1396 CCTA, 1178 (84.4%) were interpreted by three interventional thoracic radiologists, with four years of CCTA experience when the study commenced in 2007. Of the remaining examinations, 218 (15.6%) CCTA were interpreted by one cardiologist and one thoracic radiologist who started clinical CCTA training in 2011, initially under supervision. When data were reported to the SWEDEHEART registry, examinations were classified as either normal coronary arteries/non-obstructive CAD or obstructive CAD. For the purpose of this study, all examinations with normal coronary arteries/ non-obstructive CAD were further classified (blinded to clinical outcomes) as either normal coronary arteries or non-obstructive CAD.
Non-obstructive CAD was defined as atheromatosis with a narrowing of the luminal diameter of < 50% and obstructive CAD was defined as a narrowing of the luminal diameter of ! 50% (Fig. 2) . Atheromatosis was defined as presence of structures > 1 mm 2 within and/or adjacent to artery lumen, clearly distinguishable from vessel lumen, and surrounding pericardial tissue, according to the method described by Min et al. (19) .
Outcomes
Data from the SWEDEHEART registry were merged with the National Board of Health and Welfare Patient Registry, which contains data on all hospitalizations in Swedish hospitals, and the National Board of Health and Welfare National Cause-of-death Registry. The primary outcome, major cardiac adverse event (MACE), was a composite of cardiac death, myocardial infarction, unstable angina pectoris, and late revascularization (>90 days after CCTA). Cardiovascular death was defined as described in the recent ACC/American Heart Association consensus paper (20) . Myocardial infarction diagnosis was made according to the ''Universal definition of myocardial infarction'' (21). Unstable angina pectoris was defined according to clinical guidelines. Revascularization was performed as either percutaneous coronary intervention (PCI) or coronary bypass surgery. In order not to include revascularizations performed as a direct consequence of CCTA findings, only those performed >90 days after CCTA were counted. Stable angina and non-specific chest pain diagnoses were made at the discretion of the treating cardiologist.
Finally, we performed a comparison of investigation costs for a CCTA strategy compared to a strategy with invasive coronary angiography (ICA), using unit costs at our institution in 2016. The CCTA strategy obviously includes costs for two investigations (CCTA and ICA) for patients with an inconclusive CCTA and those with an ICA during follow-up.
Statistics
Continuous variables are presented as median and interquartile range (IQR), and categorical variables as numbers and percentages. Differences between normal coronary arteries, non-obstructive CAD, and obstructive CAD were evaluated with Kruskal-Wallis or one-way ANOVA as appropriate for continuous variables and 2 -test for categorical variables. Fisher's exact test was used in analyses with few (n < 5) outcomes.
Time-to-event curves were drawn using the KaplanMeier method and differences between the groups were assessed with the log rank test. A Cox proportional regression analysis assessed the importance of CCTA findings after adjustment for differences in age, gender, and cardiovascular risk factors. Diabetes, smoking, hypertension, hyperlipidemia, gender, and age were considered as potential confounding factors and inserted one at a time in the model. If the potential confounder was significant or if the hazard ratios (HR) for CCTA findings changed by >10%, the variable was retained in the final model. Hence, the final model included CCTA findings, age, and gender, but only CCTA findings remained statistically significant. HRs with 95% confidence intervals (CI) are presented.
The three-year incidence for MACE and readmission due to stable angina pectoris or chest pain was calculated for patients with a follow-up period of !3 years (n ¼ 655). The difference between groups was calculated using 2 test or Fisher's exact test. A P value <0.05 was considered significant. Statistical analysis was performed using IBM SPSS version 23.0 (IBM, Armonk, NY, USA).
Ethics
This study was conducted according to the principles set forward in the Declaration of Helsinki and according to Good Clinical Practice. Permission was obtained from the regional ethical review board. In accordance with the ethical regulations for Swedish registries and Swedish legislation, patients were informed about their participation in the registry and the right to deny participation or have data removed, which waivers any requirement for written consent.
Results
Maximum follow-up was 2724 days/7.5 years, with a median follow-up of 1121 (IQR ¼ 415-1793) days/3.1 years. Normal coronary arteries were found in 668 patients (55.4%), non-obstructive CAD in 360 patients (29.9%), and obstructive CAD in 177 patients (14.7%). Median age was 56 years; 7% had diabetes, 47% hypertension, 37% hyperlipidemia, 50% were smokers or ex-smokers, and 41% were overweight or obese with a body mass index (BMI) > 25 kg/m 2 . We found significant differences in several baseline characteristics according to observed CAD on CCTA (Table 1 ).
In total, 218 patients had a subsequent ICA. Of those, 20 patients had normal findings, 49 patients had non-obstructive stenosis, and 149 patients had obstructive stenosis on the index CCTA. Only one of the 20 patients with normal coronary arteries on CCTA underwent an ICA within 90 days as compared to 49% and 88% for patients with non-obstructive CAD and obstructive CAD, respectively. Kaplan-Meier estimates over 7.5 years demonstrated a MACE in five (1.0%) patients with normal coronary arteries, nine (4.6%) patients with nonobstructive CAD, and 34 (20.7%) of patients with obstructive CAD. Log rank test with pairwise comparisons showed significant differences for both obstructive CAD (P < 0.001) and non-obstructive CAD vs. normal coronary arteries (P ¼ 0.023) (Fig. 3) .
Cox regression multivariate analysis with adjustment for clinical characteristics and CVD risk factors identified non-obstructive CAD and obstructive CAD as the only independent predictors of MACE with a HR of 3.48 (95% CI ¼ 1.13-10.67, P ¼ 0.029) and a HR of 29.26 (95% CI ¼ 10.86-78.83; P < 0.001), respectively, with normal coronary arteries as reference.
A total of 655 patients had a follow-up time of three years. The incidence of MACE during three years of follow-up was 1.1% with normal coronary arteries, 2.5% with non-obstructive CAD (P ¼ 0.289 compared with normal coronary arteries), and 20.7% with obstructive CAD (P < 0.001 compared with normal coronary arteries) ( Table 2 ).
The three-year incidence of readmissions for stable angina pectoris were 0.8%, 2.5%, and 9.8% and readmissions for chest pain were 6.7%, 7.0%, and 14.6% in patients with normal coronary arteries, nonobstructive CAD, and obstructive CAD, respectively ( Table 2) .
Twelve patients died during long-term follow-up (1.0%): five (0.7%) with normal coronary arteries, five (1.4%) with non-obstructive CAD, and two (1.1%) with obstructive CAD (P ¼ 0.558). One death was cardiacrelated (non-obstructive CAD), eight deaths were due to malignancy (five with normal coronary arteries, two with non-obstructive CAD, one with obstructive CAD), Fig. 3 . Kaplan-Meier estimates over 7.5 years: 1.0% experienced MACE in the group with normal coronary arteries, 4.6% in the group with non-obstructive CAD, and 20.7% in the group with obstructive CAD. Log rank test with pairwise comparisons showed significant differences for both obstructive CAD vs. normal coronary arteries (P < 0.001) and non-obstructive CAD vs. normal coronary arteries (P ¼ 0.023).
one due to amyloidosis (non-obstructive CAD), one to motor neuron disease (obstructive CAD), and one to trauma (non-obstructive CAD).
Investigation cost per patient was estimated at E778 with a CCTA strategy and E1458 with a routine ICA strategy.
Discussion
In this study of 1205 consecutive chest pain patients with low to intermediate risk of CAD and up to 7.5 years of follow-up, normal CCTA findings were associated with excellent long-term prognosis, while outcome was progressively worse in non-obstructive and obstructive CAD, also after adjustment for age and conventional risk factors.
CCTA has been described as a useful tool for risk stratification in patients with suspected CAD (10) (11) (12) (13) (14) (15) (16) (17) . However, studies describing long-term prognosis are scarce. In this real-world study, we consecutively included chest pain patients, reflecting everyday clinical practice. We achieved almost complete follow-up, with only three patients (0.2%) lost to follow-up (foreign citizens without Swedish personal identity number), as compared to approximately 5-15% reported in earlier studies (11, 14, 16) . Also, all examinations were performed according to current guidelines, using a 2 Â 64-slice DSCT or better. In comparison, Dougoud et al. (16) reported a longer median follow-up of 6.9 years, but the study group was considerably smaller (n ¼ 218). Hadamitzky et al. (13) studied a larger population (n ¼ 1584) and a median follow-up of 5.6 years, but CCTA examinations were partly performed on older, 16-slice scanners.
In our study, more women than men were referred for CCTA (57.5% vs. 42.5%), with a higher rate of normal coronary arteries (62.1% vs. 37.9%), a finding that probably reflects the gender-specific challenges in clinical assessment of suspected CAD. The result, indicating a higher rate of normal coronary arteries in women, is in accordance with earlier findings among patients referred for ICA (22) . Similar to earlier studies, 85.3% (n ¼ 1028) of the patients had normal coronary arteries or non-obstructive CAD. The proportion of normal coronary arteries (55.4%) was higher compared to most previous studies (10, 13, (15) (16) (17) , indicating a somewhat different population at low risk.
Even so, the prognostic value of non-obstructive CAD, as compared to normal coronary arteries, was similar to earlier trials, supporting the use of CCTA in low-and intermediate-risk patients. We observed a significantly higher rate of MACE in patients with nonobstructive CAD (4.6% vs. 1.0%, P ¼ 0.023) or obstructive CAD (20.7% vs. 1.0%, P < 0.001) compared with normal coronary arteries. A progressively worse prognosis in non-obstructive CAD and obstructive CAD is coherent with other studies using a similar definition of MACE (11) (12) (13) (14) (15) (16) (17) . In addition, a multivariable analysis showed that non-obstructive and obstructive CCTA findings were independently associated with MACE after adjusting for classical cardiovascular risk factors, age, and gender, with normal coronary arteries as reference. A recently published paper reported a similar independent association between MACE and non-obstructive CAD þ Leamna score > 5 (23) . This association may not be surprising since classical risk factors are risk factors for atherosclerosis while the findings on CCTA are evidence of (24) . The role of CCTA in the work-up of chest pain patients is yet to be defined, but a recent trial from Scotland, where patients were randomized to standard care or standard care plus CCTA, indicated that the additional information from the CCTA may inform decision-making to improve clinical outcome. Addition of CCTA resulted in higher diagnostic certainty and a borderline significant reduction in death/myocardial infarction without an increase in ICA (25) . In addition to the evaluation of ischemic events and deaths, we present data on readmissions due to stable angina pectoris or unspecific chest pain, which, to our knowledge, has not been studied in this context before. We found a relatively high rate of readmissions regardless of findings on CCTA, which may raise questions about alternative pathology causing the symptoms. Even though earlier trials have indicated high rates of readmission (26) , and accordingly extensive healthcare costs in chest pain patients, this has not been shown in a CCTA population before. In fact, it has been shown that the use of CCTA may actually reduce readmissions (27, 28) . Our results may indicate the need for a different follow-up, after a reassuring CCTA, including information and work-up, to further decrease readmissions in chest pain patients without obstructive CAD.
One of the cost drivers for this population is the investigation costs. Using the unit costs at our institution in 2016, the investigation cost per patient with our CCTA strategy was E778. If all patients in the study had been managed with ICA, the per patient cost would have been E1458. Thus, the CCTA strategy used in this study showed a 46.6% reduction in investigation costs compared to an ICA approach.
There are important limitations to this study. First, considering the low number of events, the study population is small. However, several prior studies have had smaller populations, and this analysis adds important information with a long follow-up. Second, the reporting to the SWEDEHEART register is largely based on a single-reader clinical evaluation. However, this is usually clinical routine, and for evaluation of a method in clinical routine it may also be considered a strength. Third, we report a relatively high number of exclusions due to inadequate image quality (10.5%), in comparison, others report 1.6-9.0% (11) (12) (13) (15) (16) (17) . This may partly be due to the strict frames of inclusion; if any arterial segment was considered uninterpretable, the whole examination was determined as unreadable. Thus, our data do not contain any unreadable segments, which could also be considered a strength. Fourth, external validity may be limited due to being a single-center study. In addition, calcium scoring is not routinely performed at our center, which may have led to a comparably large number of uninterpretable examinations due to extensive calcifications.
In conclusion, chest pain patients with low to intermediate risk for CAD demonstrating normal coronary arteries on CCTA have a very favorable prognosis over long-term follow-up, while outcome is progressively worse in non-obstructive and obstructive CAD, even after adjustment for age and conventional risk factors for CVD. In addition, chest pain patients undergoing CCTA are, regardless of findings, frequently readmitted for chest pain or angina.
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